During a spectroelectrochemical measurement, a potential difference is applied across the electrochemical cell, setting the potential of the working electrode with respect to the reference electrode. In order to calibrate the potential values with respect to a standard reference for the potential (e.g. the potential of an electron in vacuum), we measured a cyclic voltammogram of a redox couple whose reaction potential is known with respect to the reference 1 . We measured the ferrocene/ferrocenium redox couple, scanning the applied potential over the redox potential. Figure S1 shows the result of a cyclic voltammogram of ferrocene/ferrocenium, performed with a scan rate of 50 mV/s. The position of the redox potential measured with respect to the quasi-reference electrode, "/$ quasi-ref. , was determined taking the average of the potentials at which the reduction and oxidation peak current occur. The potential values recorded by the potentiostat are then calibrated using the formula:
where -./ (vacuum) is the redox potential of the saturated calomel electrode (SCE) measured versus vacuum (4.68 V), and )*/)* + SCE is the redox potential of the ferrocene/ferrocenium couple measured versus the SCE (0.46 V) 1 . To ensure proper calibration of the potential, a ferrocene/ferrocenium reference measurement was taken before each spectroelectrochemical measurement. 
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The spectroelectrochemical signal at the PbSe and CdSe QD bandgap, composed of the superposition of a Gaussian bleach and of a slowly varying background (as discussed in the main text), is fitted using the function:
where 6 , 6 , and 6 are the amplitude, central wavelength and standard deviation of the Gaussian bleach, respectively. For the fit of the PbSe bleach in the TBACl-BT film and the CdSe bleach in the EDT film, the slope of the background in the wavelength range of the bleach feature was negligible, and a satisfactory fit could be achieved keeping the slope fixed to 0 during the fit.
Potential-dependence of spectroelectrochemical bleach amplitude
We assume a Gaussian density of states at the conduction band-edge of each QD component, originating from the presence of quantum confinement acting on a Gaussian size distribution and by the presence additional energy disorder throughout a QD film (e.g. variation in inter-QD coupling or the presence of impurity ions). In the presence of unity gate coupling, i.e. changes in the applied potential are equal to the changes of the Fermi level, the number of electrons injected into the band-edge state as a function of the applied potential is proportional to:
where .= and are the central potential and the standard devition of the conduction band density of states, respectively.
Since the band-edge bleach of semiconductor QDs is proportional to the number of electrons populating the conduction band-edge states, the potential dependence of the experimental bleach can be described by the fit function:
Estimates of the gate coupling for electrochemical charging of porous QD films, performed by Boehme et al. 2 , suggest a near unity value for low injected carrier density, allowing to reliably use spectroelectrochemical measurements to determine the band-edge energies. However, in a heterojunction film, the injection of carriers in the highest conduction bandedge occurs in the presence of a significant density of injected electrons in the system, potentially leading to energy penalties for further electronic injection due to imperfect screening of the Coulomb interactions in the system. Therefore, although the energy position of the lowest energy conduction band and the energy order of the conduction band-edge can be determined reliably with the spectroelectrochemical approach, the spectroelectrochemical estimate for the position of the highest conduction band-edge can be shifted upwards by the Coulomb energy penalties, increasing the energy distance between the two conduction band edges.
Energy-integration of the transient absorption signal at the CdSe QD bandgap
In the transient absorption measurements of PbSe-CdSe QD films, the signal at the bandgap of the CdSe QDs is dominated by a bleach feature, prominent at early times, and by a derivative-like feature, prominent at late times. Since the two features are spectrally overlapping, the time-dependence of the TA signal at a fixed wavelength contains contributions from both features. To disentangle the time-dependence of the bleach feature from the derivative-like feature, we integrated the TA signal in the energy window between 1.90 eV and 2.14 eV, containing the full bleach and derivative-like feature. Due to the antisymmetry of the derivative-like feature, its contribution to the integral is null, and the integrated values reflects only the contribution of the bleach to the TA signal. The timedependent bleaches shown in Figure 3f , Figure S2 and Figure S3 are obtained integrating the TA signal in the 1.90-2.14 eV range, and dividing the resulting integral by the absorbed photon fluence.
Power-dependence of the bleach decay time in the TBACl-BT treated film Figure S2 . Time-dependence of the energy-integrated, fluence-normalized bleach for the TBACl-BT sample, obtained integrating the TA signal in an energy range around the CdSe QD bandgap (1.90 -2.14 eV) and dividing it by the absorbed photon fluence. Table S1 . Bleach half-life of the TBACl-BT sample for different absorbed photon fluence, obtained from the timedependence of the energy-integrated, fluence-normalized bleach, displayed in Figure S2 . 
Density functional theory calculations on a PbSe/CdSe dimer
Computational studies on PbSe-CdSe dot-in-matrix structures 3 and PbS-CdS Janus particles leads to the formation of localized states, then the formation of PbSe-CdSe QD-dimers would inevitably cause a high density of trap states in PbSe-CdSe QD heterojunction films. Density functional theory (DFT) calculations were carried out in order to investigate if the presence of a PbSe/CdSe interface in a QD-dimer would directly lead to localized interfacial states. All calculations were carried out using the PBE exchange-correlation functional 5 and double-ζ basis set, as implemented in the CP2K quantum chemistry software package. 6 Relativistic effects were included through the use of effective core-potentials. All structures were optimized to the lowest energy at 0 K in the gas phase.
First, the structures of separate Cd192Se147Cl90 and Pb140Se85(SCH3)110 QDs were optimized. To limit the computational costs, the PbSe QD was passivated via simple methylthiolates instead of the experimentally employed benzothiolate ligands. Figure S6a shows the density of states (DOS) for these two materials, in which the molecular orbital (MO) of each state is represented by a horizontal line. The contribution of each atomic species to the MOs is represented by the length of the line segment of the corresponding color (blue for Cd, beige for Pb, brown for Se, green for Cl, yellow for methylthiolate). As shown in Figure S6a , these structures show clean bandgaps, as expected from experimental results.
Due to the good agreement in lattice parameters on the {111} facets of the two materials, we decided to attach the separate QDs at their {111} facets, as indicated in Figure S6a . To allow the formation of the PbSe/CdSe interface, we removed the Z-type Pb(SCH3)2 ligands from the {111} facet of the PbSe QD to accommodate the CdSe QD. In order to obtain a clean {111} surface on the CdSe QD, only one Cl had to be moved to an adjacent {111} facet. The ligand arrangement assigned to the system in the calculation could easily arise in the QD film, as a result of incomplete surface passivation and by the diffusion of ligands on the QD surface.
The resulting PbSe/CdSe dimer is shown in Figure S6b . It can be seen that the structure has a smaller, but clean bandgap. The HOMO and LUMO are localized on the CdSe and PbSe moieties, respectively, which suggests that the presence of a PbSe/CdSe interface does not necessarily lead to localized interfacial states.
These results show that it is possible to form hetero-interfaces between PbSe and CdSe QDs without forming localized states at the interface. It may be that the high density of trap states observed experimentally in this work (at least partly) arises from incomplete passivation of the QD surface, as a consequence of the ligand treatments employed to obtain the type-II alignment, and not directly from the PbSe/CdSe interface itself. In that case, the development of new ligand exchange or passivation strategies for the heterostructure QD films should aim at the suppression of electron trapping while maintaining the type-II alignment of the heterostructure. Figure S6 . DFT calculations of the electronic structure of a PbSe/CdSe dimer. a) Structure and DOS of the separate CdSe and PbSe QDs. The {111} planes at which the QDs will be attached to each other are indicated. For the DOS, each molecular orbital (MO) is represented by a horizontal line. The contribution of an element to a certain MO is indicated by the length of the line segment of the corresponding color. Levels below the dotted line are occupied, whereas the levels above are empty. Each plot is centred around the dotted level to allow for easy comparison. b) DOS, structure and contour plots of the PbSe/CdSe dimer. The contour plots of the HOMO and LUMO levels use a contour plot value of 0.01 / ℎ P .
